INTRODUCTION
============

An association between serum uric acid and cardiovascular disease (CVD) has been observed since 19th century. Since then huge epidemiologic data showing relation of uric acid with variety of CVDs has accumulated. It has also been observed that hyperuricemia is associated with cardiovascular risk factors for ischemic heart disease like male sex, old age, diabetes mellitus, hypertension, insulin resistance, hypertriglyceridemia and metabolic syndrome.^[@B1]^ It has also been proved in different studies that there is strong association between serum uric acid level and adverse outcomes in ischemic heart disease (IHD) especially in patients with heart failure.^[@B2]^

Uric acid is the end product of purine metabolism. Its immediate precursor, xanthine, is converted to uric acid by an enzymatic reaction involving xanthine oxidoreductase.^[@B3]^ It has been found that increased serum uric acid is associated with endothelial dysfunction,^[@B4]^ anti- proliferative effects, high oxidative stress, generation of free radicals^[@B5]^ and thrombus formation,^[@B6]^ all promoting atherosclerosis and its sequelae. Endothelial dysfunction is regarded as the main mechanism by which hyperuricemia promotes atherosclerosis. Patients with persistently elevated levels of uric acid in blood serum have significantly higher levels of endothelial dysfunction (ED) markers; albuminuria and plasma endothelin.^[@B7]^

Despite this evidence, uric acid has yet not been recognized as a CVD risk factor by major professional societies, and treatment of asymptomatic hyperuricemia to reduce CVD risk is not advised.

The objectives of our study were to study the association of serum uric acid level with IHD in local population and study its relationship with severity of coronary artery disease (CAD).

METHODS
=======

This was a cross-sectional comparative study of 100 consecutive male patients (Age 30-70 yrs) presenting with ACS at Punjab institute of cardiology Lahore between February 2012 and May 2012. Written informed consent was taken and study was approved by ethical review committee. Demographic, clinical, procedural, and laboratory data were collected. CVD risk factors were recorded according to standard definitions. ACS patients were; unstable angina, NSTEMI and STEMI.

Exclusion criteria included a history of IHD, heart failure, liver and kidney diseases, hematological or oncological disorders and chronic infections. Patients taking diuretics, multivitamins, alcohol and on drugs interfering with serum uric acid levels were also excluded.

Serum uric acid level was done after \>8 hrs of fasting and analysis was by photometric technique with normal reference range of 3.5-6.5 mg/dl. Coronary angiography was performed during same hospital admission.

***Coronary angiography:***Coronary angiography was performed through right femoral route by using Judkin's technique and on Bio-core and HI-core (Siemens, Germany) and Integrus (Philips, Netherlands) machines in catheterization laboratory of Punjab Institute of Cardiology Lahore. It was done by two experienced cardiologists. Reporting of coronary angiogram was done by a consultant cardiologist not aware of clinical or biochemical profile of patients. The Gensini score was used to evaluate the severity of atherosclerotic lesions on angiogram. The Gensini score was computed by assigning a severity score to each coronary stenosis according to the degree of luminal narrowing (visual assessment) ([Table-I](#T1){ref-type="table"}).

###### 

Gensini number assigned according to degree of luminal narrowing

  *Luminal Narrowing (%)*   *Grading of disease*   *Gensini number*
  ------------------------- ---------------------- ------------------
  30-50                     Mild                   01
  51-70                     Moderate               02
  71-90                     Severe                 04
  91-99                     Subtotal occlusion     08
  100                       Total occlusion        16

This number is then multiplied by a factor that takes into account the geographical importance of the lesion position in the coronary arterial tree ([Table-II](#T2){ref-type="table"}).

###### 

Gensini multiplying factor assigned according to the location of lesion in the coronary tree

  *Location of lesion*                                                                                      *Multiplying factor*
  --------------------------------------------------------------------------------------------------------- ----------------------
  Left main stem                                                                                            05
  Proximal LAD and proximal LCX                                                                             2.5
  Mid LAD                                                                                                   1.5
  Distal LAD, first diagonal, mid LCX, distal LCX, obtuse marginal, proximal RCA, mid RCA, distal RCA,PDA   1.0
  Second diagonal, PLV                                                                                      0.5

LAD: Left anterior descending artery. LCX: Left Circumflex artery.

RCA: Right coronary artery. PDA: Posterior descending artery.

PLV: Posterolateral ventricular branch.

###### 

Comparison between Normouricemic and Hyperuricemic groups

  *Parameter*            *Normouricemic(n=59)*   *Hyperuricemic(n=41)*   *P value*
  ---------------------- ----------------------- ----------------------- -----------
  Mean uric acid level   4.71±1.05               7.61±1.24               *\<0.001*
  Age                    52.62± 9.46             50.52±9.40              *0.273*
  Diabetics              18(30.5%)               15(36.5%)               *0.525*
  Hypertensives          18(30.5%)               18(44.9%)               *0.170*
  Smokers                13(22.03%)              09(21.9%)               *0.992*
  +ve family history     07(11.8%)               03(7.3%)                *0.456*
  Hyperlipidemics        06(10.1%)               03(7.3%)                *0.624*
  Unstable angina        01(1.6%)                03(7.3%)                *0.158*
  NSTEMI                 31(52.5%)               19(46.3%)               *0.542*
  STEMI                  27(45.7%)               19(46.3%)               *0.954*
  Gensini score          22.15 ± 21.52           35.69 ± 26.80           *0.006*
  Diseased vessels       2.03 ± 0.95             2.21±0.91               *0.329*
  Critical lesions       0.66 ± 0.82             1.04 ± 1.09             *0.046*
  Total occlusions       0.32 ±0.60              0.68 ± 0.82             *0.013*

###### 

Comparison of Serum Uric Acid Levels in Patients with Established Risk Factors

  *Serum uric acid level*               *P value*     
  ------------------------------------- ------------- -------
  *Diabetic Non-diabetic*                             
  6.15 ± 1.79                           5.71 ± 1.81   0.312
  *Hypertensive Non-hypertensive*                     
  5.74 ±2.04                            5.94 ± 1.72   0.608
  *Smoker Non-smoker*                                 
  5.68 ±1.42                            5.96 ± 1.90   0.515
  *+ F/H - F/H*                                       
  6.07 ± 2.19                           5.88 ± 1.77   0.763
  *Hyperlipidemic Non-hyperlipidemic*                 
  5.30 ± 2.37                           5.96 ± 1.74   0.295
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The Gensini score was then expressed as sum of scores of all coronary arteries. Critical lesion was defined as ≥70% stenosis involving proximal part of any of the three main coronary arteries or ≥50% of left main stem stenosis. Total occlusion was defined as 100% occlusion with no ante grade flow of contrast distal to the lesion. A vessel was counted as diseased vessel if it has ≥50% stenosis at any level.

***Statistical Analysis:***The analysis was performed using SPSS V 16.0 for windows. Quantitative data was expressed as mean value ± 1 standard deviation. Qualitative variables were presented by calculating frequency and percentage. Data was stratified for DM, HTN, Smoking, family history to address effect modifiers. Comparison of Gensini score between two groups was performed by Mann--Whitney U test. A 2-tailed P value less than 0.05 was considered statistically significant.

RESULTS
=======

Among 100 male patients; 59 (59%) were normouricemic (serum uric acid \<6.5 mg/dl) and 41 (41%) were hyperuricemic (serum uric acid [\>]{.ul} 6.5mg/dl) ([Table-III](#T3){ref-type="table"}). Mean age; normouricemic group (52.62 ± 9.46 years), hyperuricemic group (50.52 ± 9.40 years), p value 0.273.

Mean uric acid levels of normouricemic and hyperuricemic groups were 4.75 ± 1.05 and 7.61 ± 1.24 respectively ([Table-III](#T3){ref-type="table"}). Mean Gensini score; normouricemic group (22.15 ± 21.52), hyperuricemic group (35.69 ± 26.80). Mann Whitney U test was applied to compare the Gensini score of 2 groups and it resulted in p valve of 0.006 which shows statistically significant difference between 2 groups. Direct correlation between serum uric acid levels and Gensini score was also found to be statistically significant using 2-tailed Spearman correlation ([Fig.1](#F1){ref-type="fig"}). Hyperuricemia was more frequently but not statistically significantly associated with multivessel disease. However there was significant difference regarding total occlusions (P=0.013) and critical lesions (P=0.046).

Frequency of established cardiovascular risk factors in both groups was comparable ([Table-III](#T3){ref-type="table"}). Eighteen (30.5%) patients in normouricemic group were diabetic as compared to 15 (36.5%) in hyperuricemic group (P= 0.52) while 18 (30.5%) were hypertensive in normouricemic group as compared to 18 (44.9%) in hyperuricemic group (P=0.17). Serum uric acid levels were comparable across the whole spectrum of study population; with or without established CVD risk factors ([Table-IV](#T4){ref-type="table"}).

DISCUSSION
==========

In this observational study, hyperuricemic men had higher Gensini score, showing association of uric acid with severity of CAD. We documented CAD severity by coronary angiography which is the gold standard for diagnosis of IHD.

In the present study Gensini scoring system has been used for assessing angiographic severity of IHD. The Gensini scoring system and the Syntax scoring system are the two most widely used scoring systems for assessing angiographic severity and complexity of IHD.^[@B8]^ Studies have proved their correlation and comparability, with none of them inferior to the other.^[@B9]^ Gensini scoring system which, first introduced in 1975 gives weightage to the proximity of lesions within the coronary tree in addition to the degree of stenosis, the lesions in left main coronary artery getting the maximum score.^[@B10]^ The final score is a true reflection of severity of ischemic heart disease as it sums up cumulative effect of all lesions. It has also been shown to give more valuable prognostic information.

In a recent study in Turkey, Deveci et al^[@B11]^ evaluated 1012 patients for association of serum uric acid with angiographic presence and severity of IHD using Gensini score. A statistically significant difference in the mean uric acid concentrations was found between the patients with and without coronary artery disease irrespective of sex. Also there was significant association of severity of IHD with serum uric acid levels. In a similar study also from Turkey a series of 495 patients of stable IHD were studied by Gur M et al^[@B12]^ for an association between hyperuricemia and angiographic severity of IHD using Gensini score. They observed positive correlation between serum uric acid levels and angiographic presence of IHD but not with severity of ischemic heart disease. Duran M et al^[@B13]^ studied 246 non-diabetic and non-hypertensive patients of ACS and found a positive association of hyperuricemia with angiographic severity of ischemic heart disease (Gensini score). Results obtained in these studies are comparable with our data. Xiong Z et al^[@B14]^ found hyperuricemia to be prominently related to angiographic complexity (not severity) of coronary artery disease (Syntax score). Contrary to our results, from China Lu P et al^[@B15]^ reported that there was no relationship between serum uric acid levels and severity of IHD. This study was done in stable IHD patients.

Increased serum uric acid levels have been observed in diabetics, hypertensive, obese and dyslipidemics. A multiple risk factor clustering syndrome has been considered to be responsible for high serum uric acid level in IHD questioning the role of serum uric acid level as independent risk factor.^[@B16]^ Most studies in the past have excluded diabetics and hypertensives for the same reason.^[@B15]^ In our study there was no statistically no difference in serum uric acid levels of diabetics vs. non-diabetics and hypertensives vs. non-hypertensives suggesting the role of serum uric acid as an independent factor for severity of IHD in patients with ACS.

Hyperuricemia has also been studied as a marker of poor prognosis and increased mortality in general population,^[@B17]^ other co-morbidities and established IHD patients. In a recent study by Ndrepepa G et al^[@B18]^, of over 5000 patients with ACS undergoing PCI, raised serum uric acid was associated with increased 1 year mortality; with 12 % increase in the adjusted risk for every 1 mg/dl increase in serum uric acid level. And this increased risk was observed in all ACS groups (STEMI, NSTEMI and USA). Kojima S et al^[@B19]^ also showed that serum uric acid predicted the development of heart failure and long term mortality in acute MI. This risk was even stronger in women.^[@B19]^

Uric acid in ACS has also been shown to predict ICU complications, mortality in pre-existing renal disease and contrast induced nephropathy in patients undergoing invasive procedures. Other than ischemic heart disease serum uric acid level has also been studied for association with other cardiovascular diseases like atrial fibrillation, dilated cardiomyopathy, calcific aortic stenosis and metabolic syndrome and results are convincing for these associations.^[@B19],[@B20]^

Recent data has shown renewed interest in the inhibition of xanthine oxidase system for preventing progression of atherosclerosis.^[@B21]^ Allopurinol a xanthine oxidase inhibitor is being extensively studied for its role as add-on therapy in stable IHD.^[@B22]^ It acts by reducing vascular oxidative stress resulting in endothelial stabilization. Studies have also proven its beneficial effects in prolonging survival in patients with heart failure.^[@B23]^ Use of allopurinol is also associated with reduction in LV mass, thereby indirectly relieving angina symptoms.^[@B24]^ Rajendra NS et al^[@B25]^ observed reduction in oxidative stress with allopurinol at tissue level, but its translation into clinical benefit needs further data. Beneficiaries of allopurinol are not only the coronary arteries but the whole cardiovascular system; reduction in ischemic strokes with use of allopurinol has also been reported.^[@B26]^

In conclusion, this study has shown association of severity of CAD with hyperuricemia. The limitations of the study were only male patients, serum uric acid level was done once, study population was a limited number, and it included only patients with ACS. It would also be interesting to follow up patients for prognostic significance, and study the effect of varying uric acid levels.
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